M
oderate to severe neonatal encephalopathy continues to be an important cause of acute neurologic injury at birth and subsequent long-term disability, affecting ~2-3 cases per 1,000 term live births in developed countries (1) and many more in less developed nations (2) . There is now compelling evidence that induced mild to moderate cerebral hypothermia can reduce neurodevelopmental handicap and improve survival without disability at 18 mo (3) . Both head and whole body cooling seem to provide similar levels of protection (3) . For example, the CoolCap trial, a randomized, multicenter, controlled trial of head cooling combined with mild total body hypothermia for neonatal encephalopathy, suggested that hypothermia reduced disability in infants with less severe encephalopathy (4, 5) . At present, we do not know whether the benefits of cooling are sustained or whether induced hypothermia reduces cognitive or milder motor disabilities later in childhood (6) . Infants who had hypoxic-ischemic encephalopathy at birth may have no disability on examination at 18-24 mo of age but go on to develop more subtle cognitive and motor neurological disabilities at school age (7, 8) .
Study of the infants entered into the CoolCap trial provides an opportunity to learn about the early childhood sequelae of hypoxic-ischemic encephalopathy and cerebral cooling. We sought to reassess these children at early school age (7-8 y) to determine whether assessment at 18 mo of age predicted functional improvement in later childhood.
Results

Study Population
As shown in Figure 1 , of 234 infants enrolled in the CoolCap study, 83 had died (38 cooled and 45 noncooled) by 7-8 y, and 16 children were not assessed at 18 mo (Figure 1) . Of 135 surviving children who had had 18-mo neurodevelopmental assessment, 62 (46%) were assessed at 7-8 y of age, 58 children were lost to follow-up, the centers declined to participate for 14 children, and 1 family refused.
The baseline characteristics and the 18-to 22-mo outcomes of the 62 tested children did not apparently differ from those of survivors who were not assessed at 7-8 y of age (Tables 1  and 2 ). There were no differences in baseline characteristics between the treatment groups for children assessed at 7-8 y of age (Table 3) , although there was a trend (P = 0.08) for more of the cooled subjects to have greater severity of clinically assessed encephalopathy at birth.
WeeFIM Results
Outcome at 18 mo was strongly associated with overall WeeFIM ratings at 7-8 y of age (P < 0.001, logistic regression; Figure 2 ; Table 4) , with a rating of 115 ± 19 (mean ± SD) in those with favorable 18-mo outcomes and 67 ± 42 in those with adverse outcomes. Adjustment for baseline variables and treatment group did not affect this association (P < 0.001),
Articles CoolCap study follow-up and Tobin regression confirmed that the relationship was not affected by censoring (Figure 3) . Favorable outcome at 18 mo predicted overall WeeFIM ratings within the normal range at There was no significant effect of treatment on WeeFIM ratings (P = 0.83).
DIsCussIoN
This is the first report of neurodevelopmental outcomes at school age in children treated as infants with therapeutic hypothermia. As discussed next, the current study was not able to determine whether treatment affected long-term outcome. However, measured outcome at 18 mo was strongly associated with overall WeeFIM ratings at 7-8 y of age, supporting the validity of previous conclusions of a sustained treatment effect of therapeutic hypothermia for neonatal encephalopathy (3, 4) .
The major challenge facing this study was that the original CoolCap study was powered to detect a difference in death CoolCap subjects n = 234
CoolCap survivors (with primary data) n = 140
Potential follow-up study subjects n = 135
Died from 18 mo-7 y, n = 5
Survivors from 4 sites declining to participate, n = 14
Lost to follow-up, n = 58
Refused, n = 1
Follow-up study population n = 62
Died, lost to follow-up by 18 mo, n = 94
Cooled, n = 44; control, n = 50
Figure 1. study population: Children eligible for this study were survivors of the CoolCap study cared for originally in centers whose site investigator agreed to participate in the follow-up study. Articles Guillet et al.
or disability at 18 mo, and the study had limited power to detect a difference in subsequent disability in survivors, as described under Methods. With approximately a further 50% loss to follow-up, the present study had insufficient power to examine whether hypothermia improved functional outcomes. Thus, the major focus of this study was to assess the predictive value of outcome at 18 mo using a binary outcome to determine whether the original binary outcome was still valid at 7-8 y. Reassuringly, we found that a favorable outcome in infancy was highly associated with normal functional outcomes at school age. This finding suggests that these early assessments reliably predict good functional outcomes at school age. It was of interest that the mobility scores correlated better than other subdomains with the 18-mo outcome; this likely reflects the predominance of neuromotor disabilities in infancy (9) . Alternatively, therapeutic hypothermia may serve to preserve motor function better than cognitive function or the 18-mo Bayley assessment is a less valid predictor of long-term cognitive outcomes, because cognitive testing at this young age is difficult. The comparability of the baseline characteristics of the population available for follow-up and those not interviewed suggests that the results would likely not change if the entire population were able to be studied. Previous long-term follow-up studies suggest that survivors of neonatal encephalopathy without major disability typically have an increased risk of subtle neurological disabilities when they are assessed at school age. In contrast, consistent with the present study, severe disability diagnosed early in life is persistent (7) (8) (9) (10) , and the severity of disability appears to be proportional to the severity of neural injury in the neonatal period and in childhood (11, 12) . For example, in one cohort of 53 children born at term with encephalopathy, 36% had cerebral palsy; of the 34 remaining infants, at school age 8 (15%) had minor neurological dysfunction and/or perceptual-motor WeeFIM ratings as a function of outcome at 18 mo of age. there was no significant effect of treatment on WeeFIM ratings, but outcome at 18 mo was strongly predictive of normal vs. abnormal WeeFIM scores at 7-8 y (P < 0.001, logistic regression). Horizontal bars show the median and 25th and 75th percentiles. WeeFIM mobility subdomain at 7-8 y of age vs. gross motor function (GMF) score at 18-22 mo of age. there is a strong association between longer term motor outcomes and motor outcomes determined at 18-22 mo of age. similarly, cerebral palsy diagnosed at 18-22 mo of age is highly associated with the WeeFIM mobility score at 7-8 y (data not shown).
Articles CoolCap study follow-up difficulties, 1 (2%) had only cognitive impairment, and 25 (47%) were normal (8) .
In the present study, there was a wide spread of ratings among the children with abnormal assessments at 18 mo when the families were questioned when children were at school age. It is difficult, in the absence of in-person testing or school reports, to be certain whether these children are truly within normal range for age or whether, perhaps, both the family and the child may have learned to employ compensatory skills to allow them to function adequately in activities of daily living (13) . Thus, the results of the evaluation at 18 mo may be most useful for reassurance for parents of children who are doing well at that age and to target children for whom intervention may improve functional status later on. In turn, the WeeFIM instrument may be helpful as a screening tool in older children to allow the most appropriate use of limited resources, both to target children at greatest need for services and to identify children for whom more specific testing may be indicated.
The present study has several limitations that should be considered, including incomplete follow-up and the absence of inperson evaluations by neutral observers. Because participating families lived across the United States, in the United Kingdom, and in New Zealand and because each participating site had only a small number of children, we evaluated survivors using a validated tool that could be administered by a single individual over the phone to willing families, allowing greater consistency and effective masking of the examiner to initial presentation and to study arm assignment. The WeeFIM instrument is a wellvalidated tool for assessing the functional status of children at early school age in several domains of daily life in children with a wide range of abilities, from independently functioning to needing total assistance (14) . Because several children in this study were expected to be extremely disabled, one of the major advantages of this instrument was that its descriptive range extends to the most functionally impaired children.
In summary, we provide initial data that the follow-up evaluation at 7-8 y of age in children initially assessed at 18 mo is relatively stable over time both in the cooled and in the noncooled group. In particular, toddlers who are appropriate for age are likely to continue to show normal overall functional outcome to school age. Thus, although this study had insufficient power to directly assess the impact of therapeutic hypothermia, this finding supports an association between a favorable outcome at 18 mo assessed by published trials of therapeutic hypothermia and a favorable outcome at 7-8 y.
MetHoDs
Subjects
Of the original 234 infants enrolled in the CoolCap Trial, 140 of the 156 (90%) children who survived had clinical neurological examination and were assessed with the Bayley Scales of Infant Development II at 18 mo of age (Figure 1) . These children were located in the United Kingdom (15), New Zealand (5), and Canada (11) and at 25 sites in 12 different states in the United States. Of these, 135 children survived to 7-8 y of age. Because of privacy issues, the principal investigator at each of the sites who agreed to participate in this follow-up protocol (21 of 25) contacted the families and obtained informed consent and agreement to the phone interview that was then conducted by a central certified examiner. This study was approved by the institutional review board of the University of Rochester Medical Center and by the institutional review boards of all participating institutions.
Measures
Given the wide geographic dispersal of these children and the wide range of their cognitive and motor abilities, parents were interviewed by phone using the WeeFIM instrument (the Functional Independence Measure for Children, WeeFIM, Uniform Data System for Medical Rehabilitation, Buffalo, NY) (15) . The interviews were conducted by a single trained and certified interviewer to minimize interexaminer variability of administration and scoring. The WeeFIM II may be used for ages 6 mo to 7 y; it may also be used for children above the age of 7 y as long as their functional abilities (as measured by this instrument) are below those expected of 7-year-olds who do not have disabilities. The measure consists of a set of ratings of 18 skills divided into three general domains: 8 of self-care (e.g., eating, dressing upper body), 5 of mobility (e.g., transfer to chair/wheelchair, walk), and 5 of cognition (comprehension, expression, social interaction, problem solving, and memory) (15) . Caregivers are asked to rate a child about the extent of independence, full functioning, in carrying out each of those 18 skills, rated on a scale from 1 for total assistance, total dependence, maximal prompting, or not testable to 7 for complete independence. The ratings are combined to yield three domain scores and a WeeFIM total. The three domain scores can range from 8 to 56 for self-care, 5 to 35 for mobility, and also 5 to 35 for cognition. The total score for all 18 skills can range from 18 to 126.
In the CoolCap Trial, adverse outcomes in survivors were defined as Bayley Mental Development Index <70 or Gross Motor Function Classification 3-5 or bilateral cortical visual impairment (4) . For the present study, abnormal function at 7-8 y of age was defined as WeeFIM scores less than one standard deviation below the mean for age for normal children, for both the total score and the three domain scores (15); thus, for example, a total WeeFIM score of >106 was defined as normal.
Statistical Analysis
For the primary analysis, logistic regression was used to assess, first, whether favorable 18-mo status as defined in the CoolCap study (4) was predictive of normal 7-to 8-y WeeFIM status and then, second, whether hypothermia treatment was associated with WeeFIM status. For assessment of the effect of treatment, the modified Sarnat hypoxic-ischemic encephalopathy stage, severity of amplitude integrated electroencephalogram background abnormality, and 5-min Apgar scores were included as covariates consistent with the analysis of the CoolCap study (4, 5) . As a supplementary analysis, because the 18-mo outcomes were censored because of the nature of the test, we carried out a Tobin censored regression to confirm that our conclusions were not affected by the censoring.
Power to Detect an Effect on the Primary Outcomes
The rate of favorable outcome among survivors of the CoolCap study at 18 mo of age was 68% in the cooled group and 54% in the noncooled group (4). With 135 subjects, the study would have approximately a 40% power to detect a comparable 14% difference in the incidence of WeeFIM scores >−1 SD between treatment groups; with 62 subjects, the study had 20% power to detect such a difference. In contrast, the study had much greater power to study the predictive value of the 18-mo examination. If 50% of the subjects had favorable outcomes at 7 y, all from the 18-mo favorable group, with no crossover from the 18-mo unfavorable group, with a 30% loss rate, the power to detect a statistically significant association between status at 18-mo and 7-y is 89% at a two-sided 0.05 significance level.
